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Abstract
Introduction: This study aimed to determine the effect of low-level laser therapy (LLLT) on 
reducing complications following tooth extraction. 
Methods: This randomized clinical trial consisted of 40 subjects who underwent lower molar 
extraction. The patients were randomly assigned to 4 groups. Group 1 was irradiated with a 660 
nm laser (200 mW, 30 seconds radiation to lingual, buccal and occlusal surfaces of the socket, 
6 J/area). In group 2, an 810 nm laser was applied similar to group 1. In group 3, a combination 
of 660 and 810 nm lasers was used. The patients in group 4 served as a placebo group. LLLT was 
performed after 0.5-1 hour of extraction and 2 days later. The participants were asked to record 
pain degree using a visual analogue scale (VAS) over 7 days. The amount of wound healing was 
evaluated on the third and seventh days.
Results: There was no significant difference in pain scores among the groups at any of the 
assessment intervals (P > 0.05). The between-group differences in wound healing scores were 
small and insignificant (P > 0.05).
Conclusion: LLLT with 660 nm or 810 nm lasers or their combination had no greater effect than 
the placebo laser for reducing the complications of tooth extraction.
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Introduction
Tooth extraction is the final stage of severe oral diseases. 
Although there are several reasons for extracting the 
teeth, but dental caries and periodontal problems are 
considered as the most prominent reasons throughout 
the world.1 After tooth extraction, several histological 
and histochemical responses occur to heal the extraction 
site. The hemorrhage in the alveolar socket is followed by 
the formation of a blood clot, the organization of a fibrin 
clot, the migration of the epithelial layer over the wound 
surface, the resorption of damaged tissues, and finally the 
new bone formation.2
Complications following tooth extraction are rare 
and mostly minor. Some patients experience mild to 
moderate pain following tooth extraction. The presence 
of an empty socket is annoying for most patients as it may 
be surrounded by sharp bony edges and filled with food 
debris after eating. This problem is generally solved within 
a few weeks after extraction. Due to the great number of 
patients who undergo tooth extraction worldwide, the 
prevention or treatment of likely complications becomes 
important.3
Low-level laser therapy (LLLT) is a novel branch 
of medicine that employs low-power lasers to living 
tissues in order to stimulate and enhance cell function 
or relieve pain. The effectiveness of LLLT in reducing 
pain and swelling, stimulating nerve function, enhancing 
revascularization and improving the wound healing 
process has been confirmed in several studies.4-9 
There are few and controversial reports regarding 
the effect of laser therapy on attenuating possible 
complications after tooth extraction. Some studies 
demonstrated the beneficial effects of laser therapy on 
reducing pain, swelling and trismus after the surgical 
removal of impacted lower third molars.10-18 Others 
revealed that the application of LLLT enhanced bone 
healing and mineralization in the sockets of rats exposed 
to diode laser radiation.19-23 However, some studies 
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found no additional benefits of using low-level lasers 
over the placebo in several conditions such as releasing 
pain after the extraction of primary24 and permanent25 
teeth, reducing pain and swelling following third molar 
surgery,26-28 improving pulp tissue healing after direct 
pulp capping in dogs,29 and attenuating chronic orofacial 
pain in patients with temporomandibular dysfunction 
(TMD).30
This randomized, double-blind controlled trial was 
conducted to investigate the efficacy of LLLT in relieving 
pain and accelerating the healing of the tooth socket after 
the extraction of lower molar teeth. 
Patients and Methods
Patient Selection and Assignment
This randomized clinical trial included 40 patients who 
referred to the Department of Oral and Maxillofacial 
Surgery, School of Dentistry, Mashhad University of 
Medical Sciences, Mashhad, Iran and underwent molar 
extraction in the lower arch. The subjects were recruited if 
they had the following inclusion criteria: 1) the age range 
between 18 and 50 years; 2) no history of underlying 
systemic disorders; 3) no active treatment with antibiotics, 
steroidal and non-steroidal anti-inflammatory drugs 
within the past month; and 4) no sign of periodontal 
problems in the target teeth. The exclusion criteria were 
as follows: 1) the occurrence of a dry socket (alveolar 
osteitis) at follow-up appointments; 2) the occurrence of 
trauma during the extraction process e.g. root fracture, 
bone removal or soft tissue damage; 3) the presence of 
smoking habit, pregnancy or breastfeeding in females; 
and 4) patients who had more than one tooth extraction 
at the same time. 
Operation Protocol
Baseline clinical examinations were performed for each 
patient and after that, the patients underwent local 
anesthesia by 2% lidocaine with 1:100 000 epinephrine 
(4% prilocaine for patients with controlled hypertension). 
Two oral and maxillofacial surgeons extracted the teeth 
atraumatically and placed a sterile gauze on the sockets. 
The patients received usual recommendations following 
tooth extraction and were then referred to the Laser 
Department of Mashhad Dental School for laser therapy. 
Patient Assignment and Blinding
The participants were randomly assigned to 4 groups 
using a table of random numbers. The details of the 
allocated groups were recorded on cards contained in 
sequentially numbered, sealed, and opaque envelopes. 
These cards were prepared by an independent person who 
was not involved in the study protocol. Once the patient 
underwent tooth extraction and agreed to participate 
in the trial, the allocation assignment was revealed by 
opening the envelope by this independent person. 
Laser therapy was contemplated by an experienced 
operator. To provide the double-blind design of the study, 
neither the participant nor the subject who assessed the 
outcomes was aware of the group assignment. 
Laser Treatment Protocol
Following random assignment, the patients in group 1 
(low-level red laser) received irradiation from an indium-
gallium-aluminum-phosphide (InGaAlP) low-level laser 
(Thor DD2 Control Unit, Thor, London, UK). The laser 
emitted a wavelength of 660 nm and operated at the output 
power of 200 mW at an approximately 10 mm distance 
to the target area. The target areas were the lingual, 
buccal and occlusal surfaces of the extraction socket. The 
irradiation was performed for 30 seconds to each target 
area, delivering 6 J of energy with energy density of 4.21 
J/cm2 per area. Laser exposure was performed after 30 to 
60 minutes of extraction (day 1) and 2 days later (day 3). 
The subjects in group 2 (low-level infrared laser) were 
irradiated with a gallium-aluminum-arsenide (GaAlAs) 
low-power laser (Thor DD2 Control Unit). This laser 
emitted a wavelength of 810 nm at the power of 200 mW. 
The target areas and the duration of irradiation were 
similar to that described in group 1, but the surface area 
of the probe was different. Therefore, 6 J of energy was 
delivered to each surface with energy density of 21.4 J/
cm2, considering the surface area of 0.28 cm2 for the probe.
In group 3 (combination laser therapy), a combination 
of InGaAlP and GaAlAs diode lasers was used with an 
exposure time of 15 seconds each. The energy delivered 
to the target area by the red or infrared lasers was 3 J with 
energy density of 2.1 J/cm2 for the red wavelength and 
10.7 J/cm2 for the infrared wavelength. 
The patients in group 4 (placebo) were considered as 
the control in which the treatment was the same as that in 
group 1 but with no laser radiation.
Post-operative Evaluation
A visual analogue scale (VAS) was used to assess the 
degree of pain perceived by the patients. This scale 
ranged from 0 to 10 with 0 (the left side) representing no 
pain and 10 (the right side) indicating the most terrible 
pain. The patients were asked to mark the degree of pain 
perceived on the VAS at bedtime for 7 days following 
tooth extraction. The patients were recommended to take 
ibuprofen 400 mg in painful conditions and record the 
number of consumption.
Post-operative photographs were taken from the 
extraction sockets on days 3 and 7 after tooth extraction 
using Nikon digital camera equipped with a macro lens 
(Nikon Inc, Tokyo, Japan). The photographs were scored 
by an oral and maxillofacial surgeon who was blinded 
to the group assignment. The rater was asked to score 
the degree of healing on a 10-cm scale, where 0 (the 
left side) indicated no healing and 10 (the right side) 
indicated complete healing of the extraction socket. 
Scoring was based on the following 2 criteria: the degree 
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of edge approximation and the presence or absence of 
inflammation.31 The examiner repeated the scoring of 40 
images 1 week later to determine the systematic error of 
the measurements.
Statistical Analysis 
The Shapiro-Wilk test was run to determine the normality 
of the data. The intraexaminer reliability in scoring the 
photographs was assessed by the paired-samples t test. 
The differences in the distribution of sex and age among 
the groups were assessed by the Fisher exact test and the 
Kruskal-Wallis test, respectively. The Kruskal-Wallis test 
was also applied to indicate any significant differences 
in VAS scores between the study groups. The Friedman 
test was employed to determine the differences in pain 
severity in each group over seven days, followed by the 
Wilcoxon signed rank test for pairwise comparisons. 
One-way analysis of variance (ANOVA) was run to assess 
any significant difference in wound healing scores among 
the groups. Statistical analysis was performed by SPSS 
(version 11.5, SPSS Inc, Chicago, IL), and P values less 
than 0.05 were considered to be statistically significant.
Results
The sample consisted of 22 males and 18 females, ranging 
in age from 18 to 65 years (mean age 38.5 years). The 
paired-samples t test revealed no significant difference in 
wound healing scores between the repeated measurements 
(P > 0.05).
Table 1 demonstrates the demographic data including 
the participants’ sex and age. The groups were well 
matched in the demographic data according to the 
statistical analysis (P > 0.05; Table 1). 
Table 2 presents the descriptive statistics regarding 
pain values over seven days in the study groups. The 
Kruskal-Wallis test indicated that there was no significant 
difference in pain scores among the groups at any of the 
assessment intervals (P > 0.05; Table 2). The results of the 
Friedman test indicated a significant difference in VAS 
scores over the period of the experiment in all groups 
(P < 0.05; Table 2). Further analysis revealed that in all 
groups, pain degree was significantly lower on days 6 and 
7, as compared to the first day (P < 0.05). 
Table 3 indicates the descriptive data regarding 
wound healing scores in the study groups throughout 
the experiment. On days 3 and 7 after extraction, the 
greatest wound healing scores were observed in group 
1 (low-level red laser). However, the difference between 
the groups was small and the results of ANOVA revealed 
no significant difference in the degree of wound healing 
among the groups at any of the assessment intervals 
(P > 0.05; Table 3). 
Discussion
This randomized controlled trial evaluated the effects of 
LLLT on attenuating pain and improving the healing of 
extraction wounds. The outcomes of this study indicated 
that LLLT had no additional benefit over the placebo for 
reducing pain and enhancing the healing rate following 
the extraction of lower molar teeth. The present study 
benefitted from a 660 nm (red) and an 810 nm (infrared) 
low-power lasers. The red laser has a low penetration 
depth (less than 10 mm) and is suitable for the treatment 
of superficial wounds, whereas the penetration depth of 
the infrared laser reaches about 2-3 cm.30 The red and 
infrared wavelengths were irradiated together in the third 
group of this study because it is assumed that the mixed 
application of these lasers might have a synergistic effect 
on biostimulation.32 The laser settings in this study were 
taken and modified from a previous experiment10 that 
Table 1. Comparison of Baseline Characteristics in the Study Groups
Low-Level Red Laser Low-Level Infrared Laser Combination Therapy Placebo P Value
Sex
1.00
Females 5 (50) 4 (40) 4 (40) 5 (50)
Males 5 (50) 6 (60) 6 (60) 5 (50)
Total 10 (100) 10 (100) 10 (100) 10 (100)
Age 35.9 (29) 38 (34.5) 38.1 (41) 42 (44) 0.512
The sex distribution has been shown by No. (%) and the age variable by mean (median).
Table 2. The Means and Standard Deviations (SD) of the Pain Scores in the Study Groups Over 7 Days After Extraction
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Friedman Test
Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD
Low-level red laser 7.1±2.4 5.1±2.2 4.5±1.9 3.3±2.1 2.7±2.3 2.2±2.4 2.0±2.9 P < 0.001
Low-level infrared laser 5.0±2.8 3.7±2.5 4.0±2.8 3.2±3.0 3.1±3.0 2.2±2.6 1.8±2.1 P = 0.001
Combination therapy 4.5±2.5 3.5±3.1 2.7±2.8 2.5±2.5 2.4±3.0 1.9±2.5 1.6±2.1 P < 0.001
Placebo 4.8±3.0 3.3±3.4 3.0±3.4 2.5±2.8 2.2±2.6 1.8±2.3 1.7±2.4 P < 0.001
Kruskal-Wallis test P = 0.135 P = 0.463 P = 0.447 P = 0.834 P = 0.823 P = 0.948 P = 0.981
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proved advantageous results of LLLT in decreasing the 
intensity of pain and swelling following the removal of 
the impacted third molars.
The VAS scores revealed no statistical difference in pain 
perception among the study groups. The insignificant 
effect of LLLT on pain reduction in the current study 
could be related to several reasons. The patients generally 
do not experience severe pain following tooth extraction 
and LLLT may be unable to reveal its pain-relieving 
properties in such conditions. Previous studies proved 
that laser therapy was effective in alleviating severe pain 
in patients affected by dry socket33,34; however, pain 
degree in those patients is terrible and not comparable 
with the little to moderate pain usually perceived after 
tooth extraction. Furthermore, the placebo effect of laser 
therapy may influence pain perception in the placebo 
group. It has been demonstrated that treatment with 
a high technology apparatus combined with a good 
relationship between the patient and clinician produces 
a positive psychological effect, which can attenuate the 
pain perceived by some patients.30,35-37
The healing of the dental socket following tooth 
extraction has long been considered as a subject of 
interest. The time required for the healing and closure 
of the extraction wound is annoying for most patients. 
Generally, patients complain that they cannot eat 
comfortably on the side of tooth extraction because 
of the presence of an empty socket, which is usually 
filled with food debris after eating. In the present study, 
the greatest healing scores were found in the red laser 
group, but the difference between the groups was small 
and not significant. According to the outcomes of this 
study, LLLT showed no effect on accelerating the healing 
process of extraction wounds. It should be noted that the 
participants in this study were systematically healthy. 
It is possible that the effect of LLLT on wound healing 
would be more remarkable in patients with a depressed 
immune system, such as diabetics or those underwent 
radiotherapy, who usually show more lengthy and 
problematic healing compared to healthy individuals. 
Furthermore, the method used to assess the healing 
rate in this study may not be precise enough to detect 
significant differences between the groups. Previous 
studies used different criteria to assess the effects of LLLT 
on wound healing after extraction. Most animal studies 
used histopathological assessment and found the positive 
effects of laser therapy on the healing of extraction 
wounds.19-21 Therefore, the significant healing effect of 
laser therapy might occur at the cellular rather than the 
clinical level.
The outcomes of this study are in agreement with the 
results of Elbay et al24 who found that LLLT was not 
capable of influencing postoperative pain after primary 
teeth extraction in children. Similarly, Paschoal and 
Santos-Pinto25 exhibited that LLLT neither decreased 
pain intensity nor increased the wound healing process 
following premolar extraction in adolescents. Others 
indicated that laser therapy was not effective to reduce 
pain and swelling after the surgical removal of impacted 
mandibular third molars.26 In contrast to the outcomes 
of this study, Park et al21 revealed that low-level diode 
laser irradiation caused the prominent expressions 
of genes and proteins related to the bone healing of 
extraction sockets in rats. Korany et al20 demonstrated 
that LLLT enhanced mineralization and bone healing in 
the sockets of rats irradiated with a GaAlAs diode laser. 
Mozzati et al38 reported that superpulsed diode laser 
radiation can be considered as a treatment option for 
subjects scheduled for tooth extraction, as it prevented 
the increase of inflammatory mediators and reduced pain 
after tooth extraction. Other studies exhibited that LLLT 
produced a positive effect on reducing the degree of pain 
in patients who underwent surgical interventions.10-18 
Bjordal et al39 in a systematic review demonstrated 
that adequate doses of photoradiation can significantly 
alleviate acute inflammatory pain by suppressing the 
levels of biochemical markers.
It is believed that the biologic effects of low-power 
lasers are mainly dependent on the energy density (J/cm2) 
as well as the energy applied. The biostimulatory effects 
of low-power lasers are assumed to occur in a therapeutic 
window ranging from 0.01 to 10 J/cm2.40 However, the 
energy delivered to the tissue is as important as the dose, 
because the dose can be easily altered to a high or low 
value by using a thin or thick probe, leading to a confusing 
outcome.30 Although the energy and energy density used 
in this trial seemed appropriate, it is possible that the 
distance between the laser probe and the extraction socket 
and the presence of a blood clot preclude delivering the 
desired laser parameters to the target areas. 
The limitations of this study were the small sample 
size and the difficulty in accessing the extraction socket 
Table 3. The Means and Standard Deviations (SD) of the Wound Healing Scores in the Study Groups on Days 3 and 7 After Extraction
Day 3 Day 7
Mean± SD Min Max Mean±SD Min Max
Low-level red laser 6.6±1.05 5 8.25 8.47±1.23 6 10
Low-level infrared laser 6.44±1.52 4 9 7.72±1.53 5 10
Combination therapy 6.42±1.32 4 8.5 7.95±1.32 5 9.5
Placebo 6.3±1.78 3.5 8.75 8.3±1.49 7 10
ANOVA F = 0.073, P = 0.974 F = 0.585, P = 0.629
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because the laser probe used in this study had a relatively 
big size and stayed at the distance of approximately 10 
mm away from the target site. Further studies with larger 
sample sizes are warranted to elucidate the effect of LLLT 
on reducing the complications of tooth extraction using 
different laser parameters. It is suggested that future 
studies use smaller laser probes to irradiate the extraction 
socket at a minimal distance or assess the effectiveness of 
LLLT in improving extraction wounds in subjects with a 
deficient immune system.
Conclusion 
Under the conditions used in this study, LLLT with either 
a 660 nm or an 810 nm wavelength or their combination 
had no greater effect than the placebo laser on reducing 
pain and accelerating the wound healing process after 
lower molar extraction in adults.
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